INTRODUCTION
Agriculture within the Less Favoured Areas (LFAs) of the UK is entering a new era in which the complex demands for sustainable, productive livestock farming have to be balanced with environmental protection. Previous intensification of farming has led to a loss of fragile habitats and a degradation of the environment. Yet many of Europe's most highly prized landscapes and natural habitats are found in these areas. Modern agricultural policies are aimed at inspiring farmers to regard themselves as guardians of the rural environment as well as food producers by encouraging the adoption of more sustainable approaches to land management. These systems must protect fragile environments and enhance ecosystem function. The LFAs account for approximately 50% of all the agricultural land in the UK and support 60% of the suckler cow herd and the breeding ewe flock, and this represents a considerable agricultural resource. Although improved grassland accounts for less than a third of this area, it is responsible for over 85% of the production of beef and sheep and thus we consider it vital for the maintenance of viable upland communities. Developing low-input systems and controlling grassland diversity may be beneficial to maintaining desirable levels of several ecosystem processes, and therefore have applications in land management and agriculture in these areas. Thus, the development and use of forage legumes that encourage the improvement of greater biodiversity, contribute to a reduction in environmental pollution from grassland and also provide adequate production by prudent use of natural resources, are key to the successful development of sustainable upland farming.
APPROACH
The use of sustainable legumes provides an opportunity to mitigate the effects of climate change and reduces pollution in the fragile area of the LFAs compared to conventional grassland agriculture (Wood and Cowie 2004) . The research we are undertaking at IGER to develop new varieties of forage legumes suitable for such balanced systems falls into three broad themes.
Legume-based systems with enhanced diversity
In the recent past, deliberate restriction of diversity to low levels has been a strategy used to increase productivity in intensive agriculture. In such agriecosystems key ecological functions have been substituted by the use of chemical energy and can result in the high level of production of a limited range of agricultural goods at levels of biodiversity below that which is necessary for maintenance of ecosystem services that benefit other members of society. Research suggests that the level of function in agri-ecosystems is largely dependent on the level of plant and animal biodiversity present, and this International Journal of Biodiversity Science and Management 2 (2006) 209-212 Correspondence: diversity performs ecosystem services beyond production of food, fibre, fuel, and income (Altieri 1999) . Legumes are central to the development of assemblages that enhance ecosystem function, contribute to ecosystem structure and deliver a range of ecosystem services. IGER is involved in a pan-European experiment which investigates the potential of multi-species mixtures of grasses and legumes. The collaboration is via the EU funded COST 852 programme and this action links 27 research groups in 23 countries and enables hypotheses to be tested over wide environmental gradients. Early results have shown that multispecies mixtures of grasses and legumes are higher yielding and subject to fewer invasions from weed species and that these relationships hold over a range of environments (Sebastià et al. 2004 ). Traditionally, breeding has improved the competitive ability of legume species to enable them to compete effectively with highly productive companion species such as perennial ryegrass. However, breeding legumes for more diverse mixtures requires the development of legumes with greater complementarity rather than extreme competitive ability. Selection lines within white clover (Trifolium repens) with fixed diverse morphological and physiological traits have been developed at IGER and provide material with contrasting patterns of stolon growth and development. These are being used, within a biodiverse background, to identify specific traits of importance in maintaining competitive ability and promoting plant diversity.
Sustainable utilisation of the legume
Grassland renovation techniques such as ploughing and reseeding are known to have significant, deleterious effects on the environment (Vellinga et al. 2004) . We suggest that the delivery of enhanced ecosystem services from productive but diverse swards is best delivered in agronomically desirable plant material and a major thrust in our research is to develop management strategies and plant models aimed at sustainable utilisation of the legume thus reducing invasive management techniques.
Red clover
Red clover (Trifolium pratense) is a high-quality, short-lived, perennial legume that is used in mixed or pure stands for pasture, hay, silage and aftermath grazing. It is becoming increasingly important for organic and low-input farming where it is a source of on-farm produced protein. Yet its role has much greater potential as an important species in sustainable farming systems. In the lowlands, red clover rarely persists beyond 3 years and has a low tolerance of grazing. This is not the case in the uplands where production can extend to 5-6 years. The basis of the improved persistence of red clover in upland areas needs to be identified. Common experiments utilising a range of germplasm are under way to compare persistence at lowland and upland sites and identify the key traits involved.
Birdsfoot trefoil
Lotus (Lotus corniculatus) is a desirable species for inclusion in upland swards as it has a lower nutritional requirement than traditional pasture forage legumes, a higher tannin content and anthelmintic properties. Previous experiments at upland sites have demonstrated good establishment but difficulty in maintaining the legume within swards under a range of managements, particularly when grown in combination with white clover. This lack of persistency seriously restricts the wider uptake of this potentially useful species. Most of the plant material used in previous studies has been of European or North American origin (poorly adapted to UK conditions) and previous field studies have generally taken place in conditions of relatively high fertility. Our present studies are being conducted in a low-fertility upland environment and investigate persistence of a range of novel germplasm.
White clover
White clover is considered to be the most important pasture legume in temperate regions of the world. Previous research has shown how management and variation in stolon morphology can affect survival and yield of white clover (Collins and Rhodes 1995) . Within this area of work we have sought to manipulate the population structure of white clover by exploiting genetic variation in rates of individual plant breakdown. Our aim is to maintain a large proportion of complex plants in the sward as this improves winter survival, allows plants to demonstrate a high degree of clonal integration (which allows greater plasticity in response to stress) and provides a more balanced population structure. Populations of large (integrators) and small (splitter) plant-size have been created from selection lines of varying stolon morphology. This unique set of material will be used in the future to develop new, more persistent, reliable cultivars.
Reducing the environmental footprint
Many bio-indicators of environmental health in the LFAs show declines and there is a clear need to protect other biospheres such as atmosphere, groundwater, etc.
Improving phosphorus-use efficiency in white clover
Upland soils, in general, tend to be of low nutrient status. Successful growth of the major pasture legumes has, in the past, required regular applications of P and K. Elevated levels of P are known to be a significant source of diffuse pollution and result in reduced sward and microbial biodiversity (Jansens et al. 1998) . Improvements in phosphorusutilisation efficiency within the major pasture legumes have the potential to reduce the application of costly phosphoric fertilisers in resourcepoor situations. In the LFAs, efficient P-using crops will have a positive impact on the environment by reducing pollution of surface and ground water resources together with the development of highly desirable improvements in sward diversity. Arbuscular mycorrhizal fungi (AMF) are likely to play a critical role in low-input farming because of their function linking plant and soil processes. In low-P environments the host plant may benefit from enhanced uptake of immobile soil nutrients, better plant nutrition, better stress tolerance and improved plant health through effects on pests and pathogens. Populations collected from low-P soils are a useful source of germplasm to identify genotypes adapted to low-input farming systems. To facilitate this selection, collections of white clover populations from upland and Northern European areas have been sown at Bronydd Mawr Research Station since 2001. Plant characteristics have been measured and populations with potential for use in the uplands identified. Root samples have been analysed for AMF associations and this has allowed identification of populations with contrasting characteristics. Some of this material has been carried forward and is showing promising performance in low-fertility biodiverse environments.
Polyphenol oxidase in red clover
The pasture/ruminant system is an inefficient system in which only about 25% of the ingested plant protein is incorporated into animal protein; the rest is excreted and represents a potential source of pollution from grazed areas. However, red clover contains high levels of polyphenol oxidase (PPO) which has a primary role in protection against wasteful protein breakdown in red clover silage. It has been hypothesised that high levels of PPO activity may also be beneficial to improved animal live-weight gain and reduced impact on the environment. We are investigating the activity of this potentially useful enzyme with the aim of manipulating levels to provide greater environmental protection and enhanced animal performance.
CONCLUSIONS
Clearly modern agricultural legume cultivars will be required to support self-sustaining, low-input, diversified, and energy-efficient agricultural systems. The overall strategy in agriculture for the LFAs is to restore functional biodiversity of the agricultural landscape in which soil fertility, crop protection and productivity are maintained at sustainable levels. The range of diversity within legumes and the wealth of detailed information already available places legume breeding in an extremely favourable position to meet these demands.
